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1. Unimodal, convex, multidimensional, and continuous.
– Can cause slow or poor convergence to a single global extremum.
2. Multimodal, two-dimensional with a small number of local extremes, and 
continuous.
– Functions of this type are employed to test the quality of an optimization tool or 
process.
– Typically have few local extremes with a single global extreme.
3. Multimodal, two-dimensional with a huge number of local extremes, and 
continuous.
– Higher number of local extremes.
– Further test the quality of the tool used.
4. Multimodal, multi-dimensional with a large number of local extremes, and 
continuous. 
– Typical functions to appear in actual practice. 
Testing Functions
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• quadprog – quadratic programming
• lsqcurvefit – solved nonlinear curve-fitting (data-fitting) problems in least-squares 
sense
• lsqnonlin – Solve nonlinear least-squares (nonlinear data-fitting) problems
• fminsearch – Find minimum of unconstrained multivariable function using derivative-
free method
• fminunc – Find minimum of unconstrained multivariable function
• linprog – Solve linear programming problems
• lsqlin – Solve constrained linear least-squares problems
• lsqnonlin – Solve nonlinear least-squares (nonlinear data-fitting) problems
• lsqnonneg – Solve nonnegative least-squares constraint problem
• fminbnd – Find minimum of single-variable function on fixed interval
• fmincon – Find minimum of constrained nonlinear multivariable function
• fseminf – Find minimum of semi-infinitely constrained multivariable nonlinear function
• bintprog – Solve binary integer programming problems 
MATLAB Optimization Tools
5
1. ݂ ݔ ൌ 	െ5ݔଵ െ 4ݔଶ െ 6ݔଷ




ଶ െ	ݔଵݔଶ െ 2ݔଵ െ 6ݔଶ
3. ∑ ሺ2 ൅ 2݇ െ	݁௞௫భ െ ݁௞௫మሻଶଵ଴௞ୀଵ starting at the point x = (0.3, 0.4)
4. ݂ ݔ ൌ 3ݔଵଶ ൅ 2ݔଵݔଶ ൅	ݔଶଶ
5. ݂ ݔ ൌ 	െݔଵݔଶݔଷ starting at x = (10,10,10)
6. Ackley’s Function
7. Bukin Function No. 6
8. Three-hump camel function
9. Easom function





• ݔଵ െ	ݔଶ ൅	ݔଷ 	൑ 20										3ݔଵ ൅ 2ݔଶ ൅ 4ݔଷ 	൑ 42
• 3ݔଵ ൅ 2ݔଶ 	൑ 30																	0	 ൑ 	 ݔଵ




















• ݔଵ ൅	ݔଶ	 ൑ 2
• െݔଵ ൅ 2ݔଶ 	൑ 2
• 2ݔଵ ൅	ݔଶ 	൑ 3
• 0	 ൑ 	ݔଵ
• 0	 ൑ 	ݔଶ
• Polynomial function with quadratic roots.
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Utilization of lsqnonlin to optimize:
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Utilization of fminsearch to optimize:
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Utilization of fminunc to optimize:
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Utilization of fmincon to optimize:











• ݔଵ ൌ 0.6667				ݔଶ ൌ 1.333
• ܧ݅݃݁݊ݒ݈ܽݑ݁ݏ	݋݂	݉ܽݐݎ݅ݔ	ܪ ൌ 0.3820			&			2.6180
• Time Elapsed = 0.005229 seconds











݂ ݔ, ݕ ൌ െ20 exp െ0.2 0.5 ݔଶ ൅	ݕଶ െ exp 0.5 ܥ݋ݏ 2ߨݔ ൅ ܥ݋ݏ 2ߨݕ ൅ 20 ൅ ݁

















Subject to the following െ10	 ൑ ݔ, ݕ	 ൑ 10
Cross‐in‐tray 
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Linear Quadratic Least Squares Smooth nonlinear Non‐smooth











Linear linprog quadprog lsqlin fmincon, fseminf
General Smooth fmincon fmincon fmincon fmincon, fseminf
Discrete bintprog N/A N/A N/A N/A
• Research submitted to the Journal of Optimization
• Continue research modifying developed optimization toolsets
• Currently working on a nozzle optimization tool. 
• Develop a Wing Planform Exploration Tool (PET) 
– Aerodynamic Analysis
– Structural Analysis
– Cost 
– Ease of manufacturing
Future Plans
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• Professor Ambar Mitra
• Iowa State University, Aerospace Engineering Department
• MATLAB – The Language of Technical Computing Developers
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